Exam Questions – Pulmonary Ventilation
2 (d) Explain the mechanics of breathing which allow a performer to fill the lungs with air

during exercise.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

(3 marks)

1  (c) (ii)  

The alveoli provide the lungs with a large surface area for diffusion.

Name two other structural features of the lungs that assist diffusion.

.....................................................................................................................................

.....................................................................................................................................

(2 marks)
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(b)
The characteristics of the breathing of games players may alter during performance.  Table 1 shows the proportion of oxygen and carbon dioxide breathed during exercise 

compared to rest.

	
	Inhaled air
	Exhaled air during quiet breathing
	Exhaled air during exercise

	Percentage O2
	21
	17
	15

	Percentage CO2
	0.04
	4
	6


(i)
Use the information in table 1 to explain the effects of exercise on gas exchange in the lungs.









(3 marks)
Jun 2003 Qu 1 

(b)
(i)
Squash is an indoor racket game involving considerable exertion, which often 

leaves the performer breathless.  Figure 1 shows the percentage of various gases found in inspired and expired air.

	
	Inspired (%)
	Expired (%) 

at rest
	Expired (%) during exercise

	Oxygen
	20
	16
	14

	Carbon dioxide
	0.04
	4
	6

	Nitrogen
	79
	79
	79

	Water vapour
	variable
	saturated
	saturated


Use the information in figure 1 to explain the functions of the lungs at rest and during 


exercise.








(3 marks)


c (ii)
Describe those characteristics of the structure of lungs that make them an 



effective respiratory surface.





(3 marks)
Jun 04  Qu 4 

Whilst participating in exercise it is essential for the muscles to receive adequate amounts of oxygen, otherwise fatigue occurs.
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Whilst participating in exercise it is essential for the muscles to receive adequate amounts of
oxygen, otherwise fatigue occurs.
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Figure 4

(a) (1) Figure 4 shows values for the partial pressure of oxygen at different points in the
pulmonary circulation.

Use this information to explain how the process of diffusion of oxygen and carbon
dioxide takes place. (3 marks)

(i) What changes would you expect to see in Figure 4 if the performer had just undergone
strenuous exercise? (3 marks)

(i) Describe how oxygen is transported to the working muscles and the effect that
strenuous exercise will have on its delivery. Explain why strenuous exercise has this

ciifiett. (4 marks)

(b) Operant conditioning theories such as Thorndike and Skinners have been used by coaches
to improve performances.

(i) Explain what you understand by the term reinforcement and distinguish between
positive reinforcement and negative reinforcement. (3 marks)

(i) Explain, using examples, how a coach would use operant conditioning. (5 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over »
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a)
(i)
The diagram shows values for the partial pressure of oxygen at different points 

in the pulmonary circulation.  Use this information to explain how the process of 


diffusion of oxygen and carbon dioxide takes place



(3 marks)

(ii)
What changes would you expect to see in the diagram if the performer has just 



undergone strenuous exercise
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(b)
An important aspect of performance is the ability of the body to adapt to changing situations in terms of exercise.  Table 1 shows how various measures concerned with breathing change during the performance of an exercise programme.


	
	Resting
	Exercising

	Breathing rate
	20 breaths.min-1
	25 breaths.min-1

	Tidal volume
	500 cms3
	2000 cms3

	Vital capacity
	5000 cms3
	5000 cms3


(i)
Calculate the minute volume/ventilation at rest.


(2 marks)

(ii)
Which lung volumes are used to supplement the tidal volume to permit it to 

increase from resting to exercising levels?



(2 marks)
Jun 2002  Qu 3
(d) A spirometer measures lung volumes.

(i)
Using this equipment, a swimmer produces the trace shown in figure 3.  What are the volumes represented by A, B and C?



(3 marks)
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Figure 3

(ii)
What would be the effect on volume A of swimming a race?
(2 marks)
(iii)
What is the vital capacity and what is the effect of prolonged exercise on this volume?







(2 marks)
(iv)
Give reasons why it is not possible to identify trained swimmers by spirometer traces.








(2 marks)
June 07 Qu 2
Exercising for an extended time can leave the runner breathless.

(b)
Which three lung. volumes provide air to the body during exercise.

(3 marks)
Jun 2002  Qu 5

(a) Graph of the relationship between pO2 mm Hg and %O2 saturation of haemoglobin and myoglobin in a racket player.
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Which of these A, B or C represents the following:

(i) haemoglobin during exercise;

(ii) myoglobin;

(iii) haemoglobin at rest?






(2 marks)
(b) During exercise, the arterial-venous difference (a-vO2 diff) increases.  What do you understand by arterial-venous difference and what is the result of this increase?


(2 marks) 

Jun 2001  Qu 5
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Games players require oxygen to be delivered to their muscles for effective performance. (b)
Figure 6 shows the oxyhaemoglobin dissociation curve.


(i)
Use figure 6 to explain how oxygen is released by the blood and supplied to

 muscles.







(2 marks)

(ii)
Explain how exercise affects the shape of the curve and the effect this has on oxygen delivery to the muscles.




(4 marks)

Jan 04  Qu 3

During exercise the curve shifts to the right.  Explain the causes of this change and the effect that this has on oxygen delivery to the muscles.


(4 marks)
Jun 04 Qu 4 

(iii)
Describe how oxygen is transported to the working muscles and the effect that strenuous exercise will have on its delivery.  Explain why strenuous exercise has this effect.







(4 marks)
Jan 05 Qu 3 

During games, performer’s body systems have to adapt to continually changing environments.

For effective performance, games players require oxygen to be delivered to the muscles and carbon dioxide to be removed

(a)
(i)
State two ways in which carbon dioxide is transported in the blood.
(2 marks)
(ii) Explain how oxygen is taken up by haemoglobin from the lungs and released at the muscle site.






(3 marks)
Jan 2001 Qu 3 


(iii)
How is breathing rate controlled to meet the demands of changing levels of 

exercise?







(4 marks)
Jan 2002  Qu 5

(e) A basketball player notices that their minute ventilation has increased after an extended period of movement on the court.  Account for the changes from resting levels.











(3 marks)
Jan 2003  Qu 3


(ii)
Explain the causes of the increases in breathing rate during exercise.












(3 marks)
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Ventilation rate varies with the duration and intensity of exercise.

Figure 9 shows the ventilation rates of a performer working at a set intensity.
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Ventilation rate varies with the duration and intensity of exercise.

Figure 9 shows the ventilation rates of a performer working at a set intensity.
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(b) Explain the shape of the graph in Figure 9. with reference to the period:
(1) at rest:
(11) during exercise. 4 muarks)
(c) Describe how the shape of the graph in Figure 9 would alter for a performer:
(i) working at a lower intensity than that shown in Figure 9:

(i) working at the same intensity as that shown in Figure 9. but after a period of several
months’ endurance training. Give reasons to support your answer. 15 marks)
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(b)
Explain the shape of the graph in figure 9, with reference to the period:.

(i)
at rest;







(ii)
during exercise.






(4 marks)
(c)
Describe how the shape of the graph in figure 9 would alter for a performer

(i)
working at a lower intensity than shown in figure 9; 



(ii)
working at the same intensity as that shown in figure 9, but after a period of several months endurance training.




(5 marks)
Qu 3

(b)
Figure 3 shows values for the partial pressure of oxygen at different points in the 

pulmonary circulation.  





Figure 3

Use this information to explain how arterial blood leaving the lungs is saturated with 

oxygen and expired air contains high levels of carbon dioxide.

(3 marks
2 (c) How is breathing rate regulated by the body to meet the increasing demands of

exercise during a game of netball?

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(4 marks)

Mark Scheme – Pulmonary Ventilation
2 (d) Explain the mechanics of breathing which allow a performer to fill the lungs

with air during exercise. (3 marks)

3 marks for 3 of:

A. Diaphragm/intercostal muscles contract/ flattens;

B. Lungs/ribs also pulled upwards and outwards;

C. Lungs attached to pleural membranes;

D. Volume/size of chest/thoracic cavity/lungs increases;

E. Reducing pressure within lungs;

F. Air sucked in;

G. During exercise other muscles – strernocleidomastoid / scalenes and

pectoralis minor increase action;

1 (c) (ii) The alveoli provide the lungs with a large surface area for diffusion.

Name two other structural features of the lungs that assist diffusion.

(2 marks)

2 marks for 2 of:

A. Large blood supply;

B. Thin/semi-permeable membrane for

diffusion/one cell thick/walls are thin;

C. Short distance for diffusion;

D. Layer of moisture;

E. Slower blood flow/transit time.

Accepts lots of capillaries

Do not accept capillary on own

Accept named membrane

(alveolar/capillary)

Accept short diffusion pathway

Accept moist
Jan 03  Qu 3

(b) (i) 1 More oxygen consumed/used/taken in and more carbon dioxide breathed out;

2 Oxygen for energy/ muscle contraction/ respiration;

3 Carbon dioxide as a waste product/ by-product. 3 marks

June 03 Qu 1



(b)
1
More oxygen inspired (less expired) – O2 is taken in/used;

  2      more carbon dioxide expired (less inspired) – CO2 is produced/removed;

  3      greater differences during exercise/smaller difference at rest;

  4      more air taken in during exercise





any 3 for 3 marks

(c) 

(ii) 1 
Large surface area of alveoli/capillary density;


2   thin (epithelial) membrane/one cell thick;


3   short distance for diffusion/nearness of capillaries;


4   large differences in concentration (gradients);


5   rapid removal of gases from area/effective blood system;


6   layer of moisture;


7   slow movement/compression of red blood cell;                  Any 3 for 3 marks

June 04  Qu 4

(a) (i) 1.  Diffusion requires difference in partial pressures/concentration gradient;

2.  Oxygen from alveolus to pulmonary artery;

3.  Because of 103 compared to 35;

4.  Carbon dioxide from artery to alveolus;

5. Because 44 compared to 38;






max 3
(a) (ii)
1.  Reduced pO2 in artery;

2.  Reduced pO2 in alveolus;

3.  Increased pCO2 in artery;

4.  Increased pCO2 in alveolus;

5.  Reduced transit time;







max 3
Jan 01   Qu 3. 

(b) (i)
MV = BR (20)  x  TV (500);


= 10000 cms3/10 dm3/litres;






2 marks

    (ii)
Inspiratory reserve volume;

Expiratory reserve volume; 






2 marks
June 02   Qu 3 

(d) (i) The volumes are:

A = tidal volume / minute volume.

B = inspiratory volume.

C = expiratory volume. 


(1 mark for each correct volume max 3 marks)

(ii) 

The trace would be:

larger / higher / increases; 
more frequent. 
2 marks
(iii)   Vital capacity = tidal volume + inspiratory volume + expiratory volume / equiv. (1 mark)

Accept A, B & C if correct in (i) above.

Exercise causes a decrease in vital capacity. (1 mark)

(iv) Individuals will have different lung capacities / volumes; (1 mark)

Therefore spirometer traces are poor predictors of athletic performance/equiv. (1 mark)

Jun 07  Qu2.



(b)
1.  
Tidal volume;

2.  
Inspiratory reserve (volume); 
(do not credit initials and accept
3.  
Expiratory reserve (volume). 
first three answers only)

3 marks
June 02   Qu 5 

 (a) 
 (i) Haemoglobin during exercise = C.

(ii) Myoglobin = A.

(iii) Haemoglobin during rest = B. 

(1m for 1 correct, all correct =2 marks)

(b) Arterial - venous difference – is the difference between the oxygen content of the arterial blood and venous blood







(1 mark)

1 That more oxygen is being used by the muscles / for energy production / bohr effect /equiv.

2 More oxygen diffuses from lungs to blood / blood able to carry more oxygen. max (1mark)

Jun 01  Qu 5 

 (i) 1 Oxyhaemoglobin in blood at high oxygen tension (80-90 mmHg/10-12 kPa)/Haemoglobin 90-100% (fully) saturated with oxygen;

2 Oxygen tension at muscles lower (20-40 mm Hg/2-5 kPa)/haemoglobin 20-50% (less) saturated with oxygen;

3 Hence oxygen dissociates from haemoglobin at muscles. 


Max of (2 marks)

(ii) 1 Exercise produces an increase in blood temperature;

2 An increase in blood carbon dioxide concentration (pCO2);

3 An increase in acidity of the blood;

4 All of which shifts curve to the right/Bohr effect;

5 Resulting in less saturation of haemoglobin with oxygen;

6 And an increase in oxygen release/oxyhaemoglobin dissociation to the working muscles. 











Max of (4 marks)

Jan 04   Qu 3



(d)
1    Exercise produces an increase in blood temperature;

2 Increase in blood carbon dioxide concentration (pCO2);

3 Increase in blood acidity;

4 Bohr Shift

5 Resulting in less saturation of haemoglobin with oxygen;

6 And an increase in oxygen release/oxyhaemoglobin disassociation to the working muscles.
4 marks
June 04  Qu 4

(a) (iii)
1.  Simplistic circulation – heart – arteries – muscles;

2.  Oxygen as oxyhaemoglobin;

3.  Exercise increases temperature;

4.  More CO2 in blood/increased acidity;

5.  Both increases release of oxygen from haemoglobin at muscles;

6.  Bohr shift;







max 4
Jan 05  Qu 3
(a)
(i)  
1    The majority is carried as Hydrogen Carbonate ions in the plasma;

2 Some is combined haemoglobin/proteins/ red blood cells;

3 Some as Carbonic acid;

4   Some as a simple solution (dissolved) in the plasma.                            2 marks


(ii)
1    At lungs, High partial pressure of O2 /blood arrives at lungs with low partial pressure



2.    Haemoglobin saturated with Oxygen;



3     Due to pressure gradient /high to low diffusion


  4     At muscles low partial pressure of Oxygen/ O2/high partial pressure of O2 in the blood


  5     Hence oxygen dissociates from haemoglobin;


  6     Released to the muscle/ diffuses to muscle/myoglobin.
     3 marks
Jan 2001 Qu 3 


   (iii)
Exercise/movement generates carbon dioxide; 

Levels (of acidity) increase in blood;

Detected by chemoreceptors (in carotid arteries/aortic arch/medulla);

Nerve impulses to respiratory centre in medulla of brain;

Increased output from centre – deeper and faster breathing;

any 4 for 4 marks
Jan 2002  Qu 5

(e) 
1 Greater frequency of breathing; 

2 Greater depth of breathing(occurs later on); 

3 Greater extraction of oxygen from air breathed in. 


(3 marks)

Jan 2003  Qu 3

(iii) 
1 Increased carbon dioxide produced;

2 Increases blood acidity;

3 Detected by chemoreceptors;

4 Mechanoreceptors;

5 Increase in body temperature;

6 Impulses to medulla/respiratory centre;

7 Impulses to breathing muscles/ diaphragm/ intercostals; (N.B Not lungs)   3 marks

June 05  Qu 5

(b)
(i)

At rest 

1. Slight increase in ventilation;

2. Due to anticipatory rise;

3. Due to the release of hormones, adrenaline;

4. Stimulating the respiratory centre;
Sub max 3 marks
During exercise

5. Rapid rise (caused by nervous stimulation);

6. May plateau/steady state energy demands being met by the oxygen being made available;

7. Pulmonary ventilation rate = Tidal volume x breathing rate/ TV x F;

8. Tidal volume increases/rate and depth of breathing/equiv;

9. Chemoreceptors/medulla 

10. increase in CO2/decreased pH/increased body temperature 
Sub max 3 marks
 (c)  (i)
working at a lower intensity than that shown in Figure 9
1. Similar shape;
2. But below the line of the first curve;
3. Ventilation rate is lower as demands of exercise are being met;
4. Plateau reached earlier;
5. Energy demands are being met by the oxygen being made available/less O2 is needed;
6. Quicker recovery/steeper recovery curve.                                      3 marks
(ii)
After period of several months endurance training


1.    Similar shape;


2.    But curve lower than ‘original intensity’ (needs to be related to the line);


3.    Performer is more efficient in their lung function/increased capilliarisation ;


4.    Energy demands are being met by lower ventilation rates;


5.    Less steep gradient;

6.    Plateau reached earlier;

7.    Quicker recover/steeper recovery curve;


(credit annotated diagrams)
3 marks
(b) 

3

1 Alveolar pO2 (104) greater than/capillary pO2 (40) less;

2 Hence oxygen diffuses into capillary;

3 Capillary pCO2 (46) greater than/alveolar pCO2 (40) less;

4 Hence carbon dioxide diffuses into alveolus. 



Max of (3 marks)

(c)

1. Increased carbon dioxide/lactic acid/acidity

2. Detected by chemoreceptors/baroreceptors/mechanoreceptors/proprioceptors/

thermoreceptors

3. In carotid arteries/aortic arch

4. Nerve impulses to respiratory centre/medulla

5. Nerve impulses to breathing muscles/diaphragm/intercostal muscles

6. Phrenic nerve

7. Deeper and faster breathing 4 marks
pO2 = 104 mm Hg


pCO2 = 40 mm Hg





alveolus





Blood capillary





pO2 = 40 mm Hg


pCO2 = 46 mm Hg








